We show how a vortex structure manifests itself in the one-dimensional projection of a vortex field. We calculate the extent of spatial coherence and entropy of such projections. We quantify the spatial coherence and discuss the properties of the Wigner functions for the projected field. laser.
Vortex structures in electromagnetic fields have been of growing interest for the past 25 years or so, as appropriate radiation sources have become available for their study. The concept of a defect or vortex on an optical wave field was introduced by Nye and Berry 1 in 1974. Vaughan and Willetts 2 experimentally studied vortex fields at optical frequencies in 1979 in measurements of the lowest-order doughnut mode of an Ar laser.
An optical vortex of order l centered at the origin ͑r 0͒ has a field distribution of the form F ͑r͒exp͑ilf͒. The distribution is such that the f ield intensity tends to zero as r ! 0, whereas the phase shift in one cycle about the origin is 2pl, where l is an integer. Azimuthal mode index l has a physical meaning in that the vortex carries an orbital angular momentum of lh͞photon.
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One can impart this angular momentum to microscopic particles to manipulate them optically. 4, 5 In recent years, knowledge of this fact has led to considerable interest in the generation and study of optical vortices both in free space 6 and in guided media. 7, 8 A physically realizable field distribution that contains optical vortices is a higher-order Laguerre-Gaussian (LG) beam. The waist-plane f ield amplitude of the LG modes has a separable phase with a simple helicoidal structure 9 :
where r 2 x 2 1 y 2 , f arctan͑y͞x͒, w is the beam waist, and L l p ͑x͒ is a generalized Laguerre polynomial. The vortex field described by the LG mode is spatially coherent in two-dimensional space.
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A useful way to study fields in higher dimensions is by means of their projections. Clearly the projections of a twodimensional LG mode onto one dimension will not be fully coherent, as we lose information when we examine the f ield by means of its projections. It is thus important to understand the spatial coherence characteristics of one-dimensional projections of a vortex. It is interesting to know how the vorticity or the nonvorticity of a two-dimensional field manifests itself in one-dimensional projections. Further motivation for the present study has come from yet another potential application of optical vortices. When the optical vortices leave the laser and are transmitted through space or through an optical f iber, they retain their vortex structure. Optical vortices are thus potential candidates for transmitting information at high speed over long distances. Furthermore, their presence or absence can indicate a 1 or a 0, and the magnitude and sense of their helicity can be used to carry additional data.
11
Therefore certain aspects of an optical vortex, such as its spatial coherence and information entropy, are of vital importance. In this Letter we consider one-dimensional projection of vortex beams to explore these hitherto unexplored properties of an optical vortex.
We define the two-point correlation (or mutual coherence) function of the one-dimensional projection of an LG beam as
Physically we can realize this correlation by scanning the interference between two LG beams of the same order by (say) the knife-edge technique 12 and summing over the contributions along one transverse direction. We next derive Mercer's expansion 13 for the two-point correlation function, so the partial coherence of the projected f ield becomes apparent.
To simplify Eq. (2) we note that although the LG beams can be produced directly from a laser 14 it is usually more convenient to produce them by the conversion or combination of Hermite-Gaussian (HG) beams that are emitted by most laser cavities. The waist-plane amplitude of the HG modes has the form u HG n, m ͑x, y͒ F n ͑x͒F m ͑ y͒ , 
